Background: Blood loss during spinal decompression and fusion is high and at times more than the patient's total estimated blood. Increased blood loss may increase the risks of morbidity and eventually length of hospital stay (LOS). Objectives: The aim of this study was to identify predictor factors of blood transfusion requirements and the length of hospital stay in adult patients who underwent lumbosacral surgery.
Background
Blood loss during spinal decompression and fusion is high and at times or more than the patient's total estimated blood. Transfusion is associated with significant risks including blood transfusion-related infections such as hepatitis B and C and human immunodeficiency virus, hemolytic reaction, transfusion-related lung injury and transfusion associated graft-versus-host disease (1-9). As well, there is a major concern in many developing countries where there is a high prevalence of such infections and transfusion services are inadequately prepared to screen blood thoroughly (2, 3) . Identifying predictors of blood transfusion in this sort of surgery assists to reduce the amount of blood loss and red cell transfusion. Requirement of transfusion is associated with various factors. Number of levels fused and age had been the most considerable factors predicting intraoperative blood loss (IBL) and blood transfusion (1) (2) (3) (4) . In addition, patient preoperative hemoglobin concentration, method of surgery, number of spinal levels decompressed, history of pulmonary disease and decreased amount of autologous blood available, are other significant factors affecting IBL, operation length, blood transfusion and LOS (1) (2) (3) (4) (5) (6) (7) (8) who were under medication, as well cardiac diseases were assessed as major comorbidities in this study. History of myocardial infarction, cardiac insufficiency, cardiovascular diseases, cardiac arrhythmia, atrial fibrillation, mitral valve prolapsed and chronic stable angina were considered as cardiac diseases. LOS, intraoperative blood loss, a requirement of blood transfusion and intraoperative SBP were considered as dependent factors. LOS was defined as the date of admission to the discharge date. Number of sponges plus the volume of blood in suction bottles and during admission no particular complication such as cardiopulmonary arrest, renal failure, neuronal damage, deep venous thrombosis, pulmonary embolism and mortality were recorded. Statistical analysis was performed using student t-test for continuous variables. Associations between variables were analyzed by logistic regression analysis. Both univariate and multilinear regression analyses were performed to determine predictive variables for LOS and the volume of PBL. Statistical Package for Social Sciences (SPSS Inc., Chicago, IL) was used for all tests. P < 0.05 was considered statistically significant. The study protocol was approved by the Hospitals' Ethics Committee and the Research Ethics Committee of Tehran University of Medical Sciences (TUMS). Each patient signed an individual consent form before the operation.
Results
Among 298 patients who underwent major lumbar spinal surgeries, the most common type of surgery was operation due to spondylolisthesis (n = 123, 41.3%), followed by spinal decompression with instrumentation (n = 117, 39.3%) and fixation due to fractures (n = 58, 19.5%). According to statistical analysis, mean age and average of operation length were significantly higher in patients who had operation due to spinal stenosis compared to other groups. The average of preoperative and postoperative Hb, intraoperative blood loss and red cell transfusion had no significant difference between the groups ( Table 1 ).
The average of laminectomy level was 3.63 ± 0.10 (range 1-10) and the mean number of screws was 6.7 ± 0.16 (minimum 4 to maximum 16). Mean postoperative LOS between the groups was 3.62 ± 0.07 (range 1-10) days. LOS in patients who had operation due to fractures was much higher compared to other groups. The mean of preoperative Hb in men was 14.08 ± 0.11 and 12.59 ± 0.21 in women (P = 0.000). There were seventeen men (10.4%) and twenty women (14.8%) with a preoperative Hb less than 12 mg/dL (P = 0.02). One hundred and seventy nine patients (60.1%) had no need for an intraoperative red cell transfusion. Whereas, 119 (39.9%) required an intraoperative red cell transfusion, classified as spinal decompression with instrumentations (40.2%), surgeries due to spondylolisthesis (42.3%) and fixation due to fractures (34.5%). Length of operation, age > 50 years, increasing BMI, mean intraoperative SBP, the number of levels fused and the number of screws were considerably associated with the volume of intraoperative blood loss. The following factors were significantly associated with postoperative LOS: intraoperative blood loss, operation length, age > 50 years, more comorbid conditions and the number of level fused and screws (Table 2 ). Multiple linear regression results 
Discussion
Several previous studies documented that posterior lumbar spine surgeries frequently lead to massive intraoperative blood hemorrhage. However, these kinds of surgery often require intraoperative blood transfusion (1-4). Our study was conducted to identify factors associated with intraoperative blood loss and red cell transfusion during major lumbar spine surgeries. However, modifying these factors could possibly diminish LOS and red cell transfusion complications. According to our results, the number of levels fused (mainly more than three segments) had a significant correlation with intraoperative blood loss. Most clinical studies found that the main predictive factor for intraoperative blood loss was more levels being fused (2, 9-11). These results were in agreement with findings reported by Butler et al. They appraised that the number of levels fused more than three segments was a significant predictor for intraoperative blood loss (1), which was similar to our results. Accordingly, we demonstrated that intraoperative mean SBP was the second momentous variable subsequent to the number of levels fused. It appears that diminishing intraoperative mean SBP could directly to decrease intraoperative blood loss, need for red cell transfusion, short operation time and eventually decreased LOS. Length of operation was important as intraoperative SBP in predicting intraoperative blood loss and eventually LOS.
The operation length in patients who had undergone surgery due to spinal stenosis with fixation was more than those with spondylolisthesis. The duration of surgery due to spondylolisthesis was more than surgeries due to traumatic spinal fractures. As evidenced in our study, although the duration of surgery due to traumatic spinal fractures was less than the two other groups, intraoperative blood loss was similar to other groups. Possible explanation for intraoperative blood loss in these sorts of surgery could be coagulopathy events in trauma phenomena (8) . In this study, we observed that number of instruments (especially more than six screws) had a significant correlation with intraoperative blood loss, though in logistic analysis it was not a useful predictor for intraoperative blood loss. The author considered that fixation procedure individually was not the prominent reasons for hemorrhage. One explanation could be procedures including extensive osteotomy and bone decortications for fusion that would increase the risk of hemorrhage and eventually intraoperative blood transfusion. As evidenced in our regression analysis, factors including increased age, length of surgery, increased intraoperative mean SBP, more levels of laminectomy and the number of instruments could positively predict intraoperative blood loss. Zheng and colleague found that intraoperative blood loss in males was different from female patients. Hence males inherently have a greater body weight and higher Hb value could cause more intraoperative blood loss (9) . In our study, no difference was observed between the two genders. Previous studies revealed that the duration of hospital LOS was considerably increased in female patients, but it was not observed in our study. One explanation could be that there was no significant difference in the preoperative anemia (Hb < 12 g/dL), amount of intraoperative blood loss and a need for intraoperative blood transfusion between the two genders. For all the above reasons, correcting preoperative anemia in female patents (if existed) before elective lumbar spinal surgeries could diminish a requirement for blood transfusion and finally decreased LOS. Similar to Zheng et al. survey (9) , in our study, more blood loss was observed in obese patients; though, on regression analysis, BMI was not a predictive factor for intraoperative blood loss. Similar reports in Andreshak study (12) found that intraoperative blood loss was increased in obese patients, but it was not statistically meaningful. Actually, contrary techniques in positioning and decreasing intra-abdominal pressure may lead to these differences. Lowering intra-abdominal pressure has an essential role in decreasing bleeding from epidural veins (13) (14) (15) . In our study, regression analysis revealed that advanced age, operation length, increasing intraoperative systolic blood pressure, more levels fused and number of screws considerably predicted intraoperative blood loss. Study on revision spinal surgeries (9) documented that more levels fused, female gender, unemployment and history of diabetes mellitus would increase hospital LOS. Similar reports in other kinds of surgeries demonstrated that increasing age, female gender, low socioeconomic status and much more comorbidities could increase the duration of hospital stay (16) (17) (18) (19) (20) . Linear regression analysis results showed that age > 50 years, volume of intraoperative blood loss (especially more than 500 mL), operation length (particularly more than 180 minutes), increased levels of fused (mainly more than three levels) and the number of comorbid conditions could predict increased hospital LOS. In this study, the average of intraoperative blood transfusion was almost 40%. Zheng et al. found that intraoperative blood transfusion in revision surgeries was 63% (9) . In another clinical study, intraoperative blood transfusion in operations due to scoliosis was 100%, for degenerative disorders was almost 22% and for spinal stenosis as near 42% (10) . As well, in Butler et al. survey, intraoperative blood transfusion in emergency surgery and elective spinal surgeries was about 26% (1). Logistic regression analysis showed that operation length, levels fused, intraoperative mean SBP and preoperative Hb value could be useful predictors for blood transfusion. As similar previous studies documented that levels of fused and preoperative Hb value were significant predictive factors for intraoperative blood transfusion (1, 11, 13, 21) . Despite other studies (9, 19, 22, 23) female gender could not be a useful predictor. As evidenced in our study, one explanation could be that no distinct difference was found between intraoperative blood loss and preoperative anemia (Hb < 12) between the two genders. Advanced age, history of comorbidities and extensive involvement are uncorrectable factors. On the other hand, appropriate preoperative and intraoperative managements including autologous blood transfusion, correction of preoperative anemia, proper positioning during surgery, use of sufficient paralytic agents to reduce intraabdominal pressure, infusion of epinephrine in paraspinal tissues, use of controlled hypotensive anesthesia and anti-fibrinolytic agents (1, 24, 25) and stopping anticoagulant agents like LMWH, Vitamin K antagonist and NSAIDs (8) could significantly reduce intraoperative blood loss. Our study was a multicenter, prospective, cross-sectional survey and could be used by surgeons and operation room (OR) staff. If we could do all surgeries with a same surgeon and OR staff, our results could be more accurate. Therefore, this study had some limitations such as different hemostatic strategies between different surgeons. Besides, some surgeons prefer to have extended exposure for posterolateral fusions and some others use limited exposure of transverse process for fusions, so these conditions can affect the blood loss. As most studies, the limit for blood transfusion is Hb value less than 10 g/dL. Therefore, Hb below 8 g/dL in old adults and below 7 g/dL in young adults were considered as limits for red cell transfusion (26) . In advanced age, Hb below 10 g/dL has a significant correlation with increased risk of coronary vessels disease. Most surgeons and anesthesiologists have no distinct agreement on it; however, it requires further evaluations. In conclusion, we found that diminishing intraoperative SBP could decrease intraoperative blood loss and eventually less red cell transfusion and shorter LOS. We also found that fixation procedures individually were not the prominent reason for intraoperative blood loss. Osteotomy and bone decortications and increased levels of fusion and instrumentation could increase the volume of blood loss. According to our findings, correction of preoperative anemia in female patients before elective surgeries could decrease a need for red blood cell transfusions and ultimately decreased red blood cell transfusion complications and shorter hospital LOS.
